The 1,3-diphenylisobenzofuran oxidation reaction was investigated in methanolic and dodecylammonium propionate reversed micellar solutions using fluorescein sodium as photosensitizer. It was found that aniline remarkably enhanced the furan oxidation in methanolic solutions but inhibited it in reversed micellar solutions. This enhancement effect occurred more effectively at lower oxygen concentrations. It was proposed that, in the former solutions, the radical mechanism (Type I) might be involved in the furan oxidation in the presence of aniline besides singiet oxygen mechanism (Type II). The reversed micelle seems to inhibit the Type I reaction, resulting in no enhancement of the furan oxidation by aniline.
Introduction
DF has been used as effective scavenger for singlet oxygen in various oxidation reaction systems involving singlet oxygen by many workers [1] [2] [3] [4] . DF oxidation reactions by singlet oxygen have been investigated in various homogeneous and micellar solutions [5] [6] [7] , employing pyrene, thiazine dyes (methylene blue and thionine) and xanthene dyes (F, eosin Y, erythrosine B and rose bengal) as photosensitizer [2, 3, [8] [9] [10] .
Recently, we found that F-photosensitized DF oxidation was remarkably enhanced by aniline in methanolic solutions, whereas it was inhibited in DAP reversed micellar solutions. Usually, amines act as scavenger for singlet oxygen [11] [12] [13] [14] [15] .
The present investigation dealt with the Fsensitized DF oxidation in methanolic and DAP reversed micellar solutions in the presence of aniline and its derivatives. The effect of anilines on DF oxidation was discussed from results obtained, and a reaction scheme was proposed.
Materials and Methods
Solvents (methanol and cyclohexane), KCr(NH3)2(NCS)4 (Raineck's salt), DAP, F and amines (aniline, N-methylaniline, di-methylaniline)
Abbreviations: F = fluorescein sodium; DF = 1,3-diphenylisobenzofuran; DAP = dodecylammonium propionate.
* Reprint requests to Prof. G. Tomita. 0340-5087/79/1100-1552/$ 01.00/0 obtained from Katayama Co. were guaranteed or extra pure reagents. DF purchased from Aldrich Chemical Co. was of special grade for analytical use. Laboratory-distilled water was further distilled from alkaline KMn04 solutions.
Reversed micellar solutions were prepared by dissolving DAP in cyclohexanic solution containing DF and/or amines at room temperature. The DAP cyclohexanic solution was stirred for several minutes in the dark after adding an aqueous F solution.
The concentrations of F and DF were determined by absorbances at 490 and 410 nm in methanolic solutions, respectively, and by absorbances at 500 and 415 nm in reversed micellar solutions, respectively. The absorbance was measured with a Hitachi spectrophotometer type 356.
The reaction mixture in a quartz vessel (1 X 1 X 4 cm 3 ) was irradiated with the yellow light isolated from a 150 W xenon lamp through a cut filter (colour glass filter, type V-Y48, Toshiba Electric Co.) at 40 °C.
The number of photons absorbed by F was determined by the chemical actinometry method (sensitive to 504 nm light) of Wegner and Adamson [16] . The actinometer cell containing a 5.0 • IO -3 M KCr(NH3)2(NCS)4 aqueous solution at pH 5.3 was placed just behind the target cell, and was illuminated for 20 min in the presence and absence of the target cell.
Results and Discussion
Irradiation of the reaction mixtures (air-bubbled) containing F and DF with the filtered light (> 480 nm) decreased the DF concentration in both methanolic and DAP micellar solutions. DF is not excited by this irradiation as understood from the relative position of the absorption bands of F and DF (Fig. 1) . DF is known as a sensitive scavenger 200 300 <400 500 Wavelength (nm) Fig. 1 . Absorption spectra of F, DF, aniline and DAP, and transmission curve of optical filter (V-Y48). Curves 1, 2 and 3, F, DF and aniline in methanolic solutions, respectively; Curve 4, DAP in cyclohexane; Curves 1', 2' and 3', F, DF and aniline in DAP micellar solutions, respectively.
for singlet oxygen, and is readily oxidized by singlet oxygen. Accordingly, the concentration decrease of DF is considered to be due to the oxidation by singlet oxygen produced by F-photosensitization. The velocity of DF concentration decrease was smaller in DAP micellar solutions than in methanolic ones. When aniline was added to the methanolic reaction mixtures, the DF oxidation velocity was highly enhanced. However, the DF oxidation was inversely inhibited by aniline in DAP micellar reaction mixtures. When the irradiation was interrupted, the decrease in DF concentration stopped. On irradiating the reaction mixture again, the DF concentration decrease occurred with the same slope as that before the light interruption. Such changes in time course with light-on and -off were observed in both reaction systems as shown in Fig. 2 .
Next, the quantum yield for DF oxidation was measured in methanolic and DAP micellar reaction mixtures as a function of aniline concentration, studied by bubbling the methanolic reaction mixtines with N2 or air in the absence and presence of aniline. Results obtained are shown in Fig. 4 . In the absence of aniline, the DF concentration decreased more fast in the air-bubbled reaction mixture (Curve 2) than in the N2-bubbled one (Curve 1). On the other hand, in the presence of aniline, the DF oxidation reaction was highly enhanced in either N2-bubbled or air-bubbled reaction mixtures, but the DF oxidation rate was larger in the former reaction mixture (Curve 3) than in the latter (Curve 4). Namely, the DF oxidation in the presence of aniline proceeded more effectively at lower oxygen concentrations. The degree of the enhancement of DF oxidation by aniline, A DFA/ZI DF, which is illustrated in the legend of Fig. 4 , is shown as Curves a (N2-bubbled) and b (air-bubbled). In DAP reversed micellar solutions, aniline operated as inhibitor for the DF oxidation, and the DF oxidation rate was higher in air-bubbled reaction mixture than in N2-bubbled one independent of the absence or presence of aniline. Amines are known to behave as scavenger for singlet oxygen in various reaction systems.
Young et al. [11, 14] and Monroe [12] described that singlet oxygen underwent physical quenching by various amines through charge-transfer intermediate based on their experimental results. If aniline acted merely as singlet oxygen quencher, the DF oxidation should be inhibited by aniline. The observed enhancement of the DF oxidation by aniline in methanolic solutions suggests that another mechanism besides singlet oxygen mechanism was involved in the DF oxidation reaction in the presence of aniline. Further, amines are known to act as electron donor for various partner molecules. Bartholomew and Davidson [15, 17] reported that amine transferred its electron to the triplet dye to produce amine radical ion. Zwicker and Grossweiner [18] also found the reversible photoreduction pathway of F by p-phenylenediamine. Therefore, the enhancement of DF oxidation in the presence of aniline is most likely to be caused by the oxidation reaction of DF with aniline radical cation produced by the electron transfer from aniline to triplet F via charge-transfer intermediate. (The fluorescence of F was little quenched by aniline.) F _ may be oxidized to F by 02 or amino group (-N + H3) of DAP (unchanged absorbance of F before and after irradiation). This reaction mechanism makes us possible to understand why the DF oxidation rate was higher in N2-bubbled solutions than in air-bubbled ones as seen in Fig. 4 .
Davidson et al. [13] reported that the oxygenation reaction of triethylamine, photosensitized by rose bengal, involved both singlet oxygen and radical reaction mechanisms.
From results obtained in the present investigation, we propose that two mechanisms are concerned with the F-photosensitized DF oxidation reaction in the presence of aniline in methanolic reaction mixtures; radical mechanism (I) and singlet oxygen mechanism (II). Simplified reaction scheme is shown in Fig. 5 . In DAP micellar solutions, F is bound to the interior of reversed micelles and aniline also seems to be bound to micelles. DF is in the cyclohexanic phase. However, the DAP concentration used in the present investigation was 8 • 10 -2 M and the water content 0.2 M. Since the aggregation number [7, 19] of the DAP micelle at this water content is estimated to be about 8, the micellar concentration was about 1.0 • IO -2 M. On the other hand, the concentrations of F and aniline were 3.6 • IO -6 and < 5.6 • IO -3 M, respectively. Accordingly, most of aniline molecules are thought to be present in DAP micelles unoccupied by F. Such fractionation of F and A is unfavourable for the charge-transfer interaction between them. Further, even when F and aniline are bound to the same micelle and the charge-transfer interaction between them is allowed, it seems difficult for radical aniline to escape from DAP micelle into apolar cyclohexanic phase to react with DF. For these reasons, it is considered that the Type I reaction was inhibited in DAP micellar solutions and the DF oxidation was driven by the Type II process. 6 shows the quantum yield for DF oxidation as a function of the concentration of aniline and its derivatives in methanolic solutions. The DF oxidation was enhanced by aniline (Curve 1) and dimethylaniline (Curve 2), but was slightly inhibited by N-methylaniline (Curve 3). The measurement at higher concentrations could not be carried out owing to the low solubility of aniline derivatives in methanol. In conclusion, whether the DF oxidation is enhanced or inhibited by anilines, depends on the relative occurrence of the Type I and II processes. DAP micelles inhibit the Type I process by the fractionation of the molecules participating in the F-photosensitized DF oxidation (reaction control by micelles).
The phenomena observed in the present investigation will be discussed in details in the next paper (Part II).
